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A -ysteaatic approach '-o the inprovesent of the 
flaaaability of epoxy resins, blsphenol-A polycarbonate , 
poly<butylene terephthalste} , and Mylon 6.6 by introducing 
halogens and loop functionality into the flase retardants 
is described, the phthalides (the loop functionality 
containing oolecules) include 3.3-bts(4-bro»ophenyl)- 
phthalide, 3.3-bls(4-chloro?.':6r.yl)?bt.»'.alide. and paencl- 
phthalein. the phthalid# containing epoxy resins are 
synthesised and cheracterixed in coaparison with the 
bisphenol>A epoxy resins in terxs of flasnability in the 
eopolyaer systens. The resins include diglycidyl ethers of 
phenolphthalein. bisphenol-.* , tetrabroncbisphenol-A. and 
tetrabroaophenolphthaleln. the vaporisation of the 
phthalide additive in the polyners is observed in Thermal 
Craviaetric Analysis. Th*' flane retardancy is primarily due 
to she presence of halogens. In the poly (butylene tere- 
phthslete) system, the cleavage of the bond 
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of tht flaae rotardant additivo anh&nees the erosallnking 
reactions between the arosatic rirfs rssultlr^; Ir. sn 
inereasa of char foraatlon. In the epoxy resin- ayateaa, 
loop functionality contributaa to char fomation to a larger 
•xtent. The interaction between the epoxy resin and poly- 
(butylene terephthalate) follows the Bechanlao of Insarticn 
of the oxirane ring into the ester bond. This aechanian la 
studied by FT-IR. 

the investigation cf the thsttial properties cf the 
ehar-foraing phenol- forsaldehyde resins ia conducted to 
provide infoniation for the systecatic design of high 
teeperature flase-resistant phenolics. WOt and Ft-IX ara 
used to characterise the oligooeric rasins snd ths cured 
resins, the curiTig agents used in the study include foroal- 
dehyde. s-trioxane and tez*ephthaloyl chloride- the broninate^ 
phenolic resins are found to have hightr osy 5 «> indices with 
lower char yields, the nonhalogen-containing phenolic 
resins give a linear relationship between char yield and 
oxygen Index aeeordirg^ to the following squat ion t 

^1 - 2.h ♦ 0.57 (Jf char yield at 800®C Nj)* 

the differences in structure of the cured resins are 
observed free the Ft-IR spectra, the s-trioxane cured _ 
resins contain long chain ethers and cyclic acetals along 
with tha stethylene linkagae. The tarephthaloyl chloride 
cured resins are crossllried throu^ the hydroxyls and 
contain the inter- and intra-aolecular ester linlages. 
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In th« itudy 0^ th* photo-Prias r«MTang«m»nt th« 
n.uor«n*-1)as«<l polyarylates prepared ircluda $ ,3* 
hydroJOTl^^wD^luorene iaophthalate (BPP-I). 9r9' *bl8cresol 
nuoren® isophthalate (BCF-I), and 9.9‘-bls<3.5-dinethyl>i»- 
hydro*yphenyl)fluerene isophthalate (BDHPF-1)* The foraatio! 
of the £“hydroxybenzophanone noiaty upon wV irradiation of 
BPP-I and BCF-I can be observed in the UV and IR spectra. 

The degradation of the polyner structure of BDKPF-I is due 
to ite inability to rearrange into the e-hydroxybenzopherone 
structure which car. function as an Internal liv-stabiliter. 
i aeehanism for this degradation is postulated based on the 
evidence froa the IR spectra. 
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2. TTgROPUCTIOW 

th# growing us* of polyosr* in 4 varloty of 
cpplics.'tlons has croatsd a groat deal of concern evsr their 
perfomanco In aany aspects including flaroability and 
photostability. 

The initial goals of tha research In fleanability are 
nainly focused on the flase rstsuT'dation of polysers and not 
•their flane proofing due to the balance of prepertiea 
required in these systecs. As a result, many flaae 
retardants and flase retardant polyners have been and still 
are being developed. 

Recent advances in space and other technologies have 
continued the development of high temperature resiscant 
polymers, Theories and approaches In synthesising these 
polymers are aaixay based on structure-flammability relatlon- 
ahips. 

one objective of this work Is to utilize the 
structural features of some high temperature polymers in 
designing new and better flame retardants. An atten 9 >t has 
also been made to introduce halogen systematically into the 
structure of high temperature phencl-foraalds.hyde resins and 
to study their flame retardation. 

Developments In the area of organic photochemistry 
hmve given assistance to the Interpretation of photo- 
degradatSen processes and to the search for novel oetheds of 
atabilitation. Consequently, many “tailor-made** stabilizers 
are being developed for specific polyners. However, the use 
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of •ono*«ric st»bili*oro has soae eriblcal lialtationsi (1) 
incoopatibUity with the polyners, (2) potantlal aifration of 
the additives. (3) iapairlng the nechanlcal properties of the 


polyaers. (4) extractabllity and •blooming*. 

taking this Into account, the systheses of photo- 
resletant polyners have considerable irterests* Stabllltjne 
groups can be introduced into the polymer during the synthesle 
and function as internal stabilizers. In this study the 
nature of this type of stabilizing process in fluorene-based 
polyarylates has been investigated. The lnterpi*etatio!is are 


based on the spectroscopic observations. 

1.1 yieaente in Plane Retardatips 

(Tpon ezaiolnir:g the different Beans of achieving 
flaae retardation, a number of guidelines have been established, 
the ideal flane-retardant polyoer system should have (1) a 
high resistance to ignition and flame propagation, (2) reduced 


smoke generation and low toxicity of the coabustion gases. 

(3) durability. (4) acceptibility in appearance and properties 
for specific end-uses, and (5) little or no econcoic penalty 
A brief anatomy of a coobustion process can be shotm 
by the fcUowir.g scheme i 

.Deeonpositior., 


Keating 


Combustion 



Ignition 


I 


ConsuBption 
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Ih« burning of a polymor requires a heat aource which causes 
and decojoposltlon of the polyser* S#cc^posi«-OJi 
leads to the foraation of various fragnents idiich are 
susceptible to ignition and coobustion. Heat generated frcn 
the coabustion process supports further decoopoaition of the 
material. Plane retardation can be achieved by interrupting 
the burning process at one of the arrows shown in the schene. 
At stage A decomposition of s polyner is usually initiated by 
oxidation resultLng In the forsaticr. cf actlYS fres ndioais. 
this process can be interrupted by chain transfer agents, 
such as seines, phenols and halogen compounds. Materials 
used in stages B and C to prevent ignition and combustion 
usually are the chemicals which can develop nonccstuatible 
gases, such as HjO. hydrogen halides. COj and HHj when 
deccaposed. These noncombustlble gases may act as gas-phase 
diluents for the ccnbustible decenposition products obtained 
fro* the polymer. In addition to being a gas-phase diluent, 
the water released from materials, such as Al202*3K2C can 
also diaalpate the heat generated at stage E and thus 
inhibit the burning process • There are caterials which are 
active in the condensed phase to prevent l^itien and 
combustion. Such Daterials can fora nonvolatile tdiar or 
glassy coatings which Binljsizt the ctygen diffusion to the 
polymers and alec reduce the heat transferred from the 
flame to the polyner^^^. 

fhcre are many ways to eeasure the flammability of 
a material. A test that has been widely used or. a laboratory 
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seal* in recent years since its Initial dsvelopoent in 1966 
is the oxygen Index (01) test^^^ In the Cl test, the 
■aterial in the fora of either a rod or a sheet la claoped 
vertically and ignited at the top. so that it burns in * 
candle-lihe aanner in an upward-flowing mixture of oxygen 
and nitrogen, the o:vS«'. concentration of the gaa is then 
adjusted until the oir.iisua level for sustained burning is 
reached. The 01 is then defined as« 

01 - (100 X [02])/([N2l ♦ 

where [O^] amd concentrations of oxygen 

and nitrogen, respectively. 

1.2 struetura-Flaamability Relationship 

A number of studies have been concerned with 
developing correlations between the structure of the polymers 
end their char fonnation. Char yield thus becomes an 
important measureaent in flamoability studies. It is 
defined as the char residue in weight % at 600®C in a 
Thermal GwiviBetric Analysis under nitrogen ataosphere. 
Parker, correlated char yield with the 

number of moles of multiple bonded aromatic rings per gram 
of polymers (Figure 1). Van Krevelen<^^ has developed a 
linear relationship between char yields and oxygen indices 
of polymers (Figure 2) and a prediction of the amount of 
ehar yield from the number of aromatic units in the polymer. 
Sesides aromatic structures, ehar fematlon can also be 
increased by intrcducing cyclic functional side groups 
(caxdo groups) in the polymers. Such polymers are termed 


CHAR YIELD, AT 700*c, percent 
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NUMBER OF MOLES OF MULTIPLY BONDED 
AROr^TlC RlNOS PER gm OF POLYMER 


figoxtt Is Effect of Aromatic Stractrjira on char Yield. 

or. A. farJcer. 6. «• Fohlen, and P. M. SawJco, sapar 
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•card© polymers". Those polymers have been the subject of 
on excellent revlew^^^. Systenstic studies on cardo polymers 
have begun with the syntheses of high molecular weight poly* 
arylates from phenolphthaleln and various dicarboxylic acids 
in So far numerous cardo polymers with various 

cardo groups (see below) have beer, syr-thssisei: 

(§)l201 (§£50> 

It has been found that the presence of cardo groups in 
different hetero- and cardo-ehain polymers endows then with 
not only enhanced thermal stability but also excellent 
solubility, which is of particular importance in aromatic 
polymers with rigid chains. 

1-3 Plane Retardant Additives 

For the evaluation of specific contribution of 
cardo-group containing additives to the thermal bahavior of 
polymers, a series of eoopounds based on the phthalide group 
have been synthesized. The effects of varying anounts of 
the phthalide additives on the flammability of bisphenol-A 
polycarbonate, poly(butylsne terephthalate) , and nylon 6,6 
have been studied by thermal analy ical techniques and 
Fourier Transform Infrared Spectroscopy (PT-IR). 

Flame- retardant resins can also be used as the 
additives incorporated into ncrhslcgsnated resin? in order 
to impart some useful degree of flame retardancy to the 
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aster Ul- One example Is the nse of tetrahrescphthallc 
tishydrlie polyester resins Ln norhalcgenated polyester 
pesins^®^ Osins a polymer resin as a na=e-retar<*ant 
adllTlve has the aiJvantage that the additive would not 
s«bse<iuently leach out of the sy'stan once the resin system 
iz crosslinked. In addition it can be easily aixed with 
• polyBar resin at a variety of levels depending cn the 
degree of flare retardancy desired for a psrticulsr 
application- 

The syntheses of fleae retardant epoxy resins of 
tetrabrono- and tetrachloro-hlsphenol-A have been reported 
in detaU<9-"<>^ The use of xatrabrorobisphercl-A epoxy 
resin as en additive i'. tha acrylonitrUe-butadisne-styrene 
copolyaer systea^^^ and polycarbonate systea^^’ has been 
reported in the literature. These halcgeneted resins, how- 
ever.- are too viscous for sany ^plicatlons^^^'. Cardo 
ercup containing epoxy resins, on the other hand, are 
■oatly solid resins due to the fact that the cyclic side 
groups increase the glass trensiticn tespereturs (Tg) of 
the polyBer^^*^^ The solid resins provide co unusual 
jproblees in aarple handling and foraulation. 

The diglycldyl ether of 1^,5,8,7-tetrabrcrcphenol- 
phthalein (DCrt3??) has been synthesised end copclyserised 
the diglycldyl ether of bisphenol-A (CGnSA) sad 
evaluated as an additive in poly(butyler.e terephthalate). 
The DCET3PP/5GEEA system actually foras a ccpolycer once 
the resin is cured by phthalic anhydride. The evaluation 
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of tho eurtd DGBIBPP/DCEBA copoljrser in toras of tharaal 
propartlas i« tased on a conparison with the aystea using 
the diglycidyl ether of tetrabrocobitphenol-A (KETBBA). 

5he degree of curing has always been an iaportant 
factor In determining the properties of the final products- 
It Is also inportant to aonitor the curing reaction in order 
to adjust the curing conditions- ?or this purpose hss 

been used to follow the curing reactions. In addition, the 
spectral subtraction routine is applied to the determination 
of the changes in chemical strunures. 

In the poly(butylene terephthalate) systea the curing 
is caused by the interaction of the oxirane ring with the 
ester groups and proceeds by the oechaniso of "insertion* of 
the fragment of the oxirane ring into the ester tend without 
scission of the molecular chain of the polyester^^^^. The 
effects of various amounts of DCETB3A and DCETBPP on char 
yield and oxygen index of p 'y (butylene terephthalate) are 
cospared. 

It is also interestir.g to know how much contribution 
to the flaae retardaney Is due to the presence of bromine in 
the resin. The diglycidyl ether of pher.olphthalein has been 
synthesized and formulated in the same fashion as that of the 
hrominated resins. The analysis of the results gives an 
evaluation of the effectiveness of bromine and eardo groups 
for flame retardation. 

l.h Kodified and Flaae Resistant Phenolic Hesir.s 

That phenols and formaldehyde react has been known 
as far back as 18?2 by Bayer and others. The substances 
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obtained by these investigations were Berely of theoretical 
interest end no attenpt was aade to utilise thea ccomereially . 
Kith the advent of cheap coaaercial foraaldehyde ; Klee- 
berg^^^^ continued the inrestigetion and obtained a cross- 
linked, insoluble resin by the reaction of an excess of 
foraaldehyde in the presence of hydrochloric acid, tuft 

first one to develop technical applications for 

curable phenolic resins. The process involved an acid 

catalyst, i.4.. sulfuric acid, and a suitable solvent 

system, such as a aizture of fonaalin and glycerin. The 

resin was able to be molded or iravn Into vhreads. In 1907 

(19) 

Baekeland applied for his ‘heat and pressure* patent 
for the processing of phenol-fonaaldehyde resins. This 
technique made possible the worldwide ^plicstion of 
phenolic resir,s. 

The ccKditions. aainly pH and teaperature. under 
«rt»ich reactions of phenols with formaldehyde are carried 
out, have a profound influence on the character of the 
products obtained. Besol resins are the products of the 
reaction between phenol and an excess of formaldehyde 
(lti.5-2) in the alkaline pH-range^^^* Initially, phen- 
oxlde ions are formed from phenol under alkaline conditions. 
Delocalisation of the electron pair on the eaygen ion results 
In increased electron densities at the o- and E-posltiop.8. 
This effect to substitution cf phenol by electrophile? 
et the o- and ^-positions. The first-step product, o- and 
£-methylolphenol8 (see below), are more reactive towards 
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CHgOH 


£-Hydro*y»ethylph*nol £-Hydroxyn«thylphenol 


for«aldehyde than the original phenol and rapidly undergo 
further substitution with the foroation of dl- and tri- 
■ethylol derivatives (see below)' 



o.B-Dlhydroxy- 

"»ethylphenol 


o,o*-Dihydroay- 

“aethylpherol 


trihydroxy- 

aethylphenol 


fhe aethylolphenols then undergo self-condensation to fors 

and polynuclear phenols in which the phenolic 

nuclei are linked by sethylene groups. The crosslinked 

( 22 ) 

polysers are obtained siaply by heating' 

Novolak resins arc nemally prepared by the inter- 
action of a oolar excess of phenol with foraaldehyde 
(1.25tl) under acidic conditions In the first step, 
the fomstion of a hydroxysethylene carboniua ion fToo 


sethylene glycol occurs: 


HD-CHg-OH — > *’CH2-CH ♦ HgO 

The second step Is the addition of the hydrcxy3:ct?^lene 
CBTtxmivx^ ion to phenol i 
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♦ ■^CHj-OK 


slow .. 

5T“— — 




lo the presence of acid the initial products, o- and £- 
»«thyloI phenols . ant present only transiently In very sisall 
concentrations. They are converted to bentylic carboniun lens 
which rapidly react with free phenol to fom dlhydroxy- 
dlphenylaethanes^^*^^^^ » 


OB 



OH 

A - "^TD 



KjC 


polynuclear phenols are produced by further aethylolaticn 
and Mthylane link foraation. ?he final resin can be cured 
by the addition of a crosslinkins agent. 

Cured phenolic resins have good heat stability . 
resistance to aost cheoical reagents, and good nechanical 
prooertias* The principle uses include theraouetting nolding 
powders, laninates, adhesives, bLnders ar.i surface -eatings. 
?he hisihly crosslinKed fiter nase<! Kynol' has bean 
developed froo phenolic resins and Is largely used in 
flase-prcof apparel- 

The therco-oxidative resistance of phenolic resins 
can “he further iaproved by chewical codifications. The 
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following methods havo taen used^^®^i 

1 . Etherification or esterification of the 
phenolic hydroxyl groups, 

2 . Coaple* formation with polyvalent elements 
(Ca. Mg, Zn, Cd,« ♦•). 

3 . Meplacement of the methylene ILnling groups 
by heteroatons ( 0 . S. N, Si,***)« 

The present study i* initiated with a view to 
making modificatior.B of the flacaability behaviors of 
phenolic resin by using substituted phenols. Also, 
esterification of phenolic hydroxyl gro\ips has been applied 
to the systos by using terephthaloyl chloride as the curir,g 
agent. This mstes possible the crossliriir.g of o-substituted 
phenolic resins. Modification by esterlflcatica has also 
been reported by Lei^*^^ in the synthesis of g-chloro- 
pbenolie fiber. The croeslinking of the fiber involve* 
reactions between the hydroxyls and the diacid chlcride. 

1.5 Photo “Stability of Fluorene-Based Polyarylates 
1.5. I Basie Approaches 

Polymers containing certain chromophores can 
absorb light followed by photochemical reactions which 
function as one mode for the dissipation of the absorbed 
energy. Such photochemical reactions have included the 
formation of free radicals, photo ionirat ions, cyclijations* 
intramolecular rearrangements, and fragmentations. 

Many polymers have been protected against photo- 
degradation by the addition of stabilizers. These additives 
have been of two general t3^es: light screens and ultra- 
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violet (UY) absorbers. Light screens function either by 
absorbing danaglng radiation before it reaches the polytaer 
surface or by Uniting its penetration into the polymer bulk. 
Coatings and pignents are classified as light screens. 

Carbon black is by far the most effective pigoent. Its 
effectiveness can be attributed to a combination of being 
li^t screen and an absorber through energy sllssipsting 
mechanisms in its polynuclear aromatic structures^^^ The 
UV absorbers functions by absorbing and dissipating XJV 
irradiation through photo-physiGal processes, itost important 
is the internal conversion process which changes electronic 
energy into vibrational energy by a radiationless route with- 
out a change in spin multiplicity {Sj^ — >Sq, Sg It 

has been a major proposed r.s;har.is2 for phctostabiliration by 
additives such as o-hydroxyber.sophencnes (1). o-hydroxy- 
phenylbenmotriasoles {II). and ealicyletes 



(I) ( 21 ) ( 111 ) 


these eompomds haw a common structural feature • the 
intramolecular hydrogen bond. The photo-stabilisatlcn 
mechanism Is considered to be the result of a rapid charge- 
transfer transition. 
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Which oay be facilitated by the stron? Intranolecular 
hydrogen 

The protective action nas also been found in the case 
ojf r®8orcinol oonebenzoate which is a l n ost as effective as 


2,4-dlhydroxyben2c?h6r.one. The ccsparabls effectiveness i« 
due to the fact that resorcinol oonobenzoete is converted 
by sunlight into 2,4-dihydroxyben2ophenone by a photo- Fries 
raarrangeaent 




O'' 

I 


..K. 


The photo-Fries rearrangenent has been first 
reported by iinderscn and Reese^^^^ in i960, k sispie eiasjle 
Is the rearrangement of phenylacetate in ethanol to give 
and £-hydroryacetophenones and phenol 1 


0 
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rearraiigenen't has b«»n found to occur for mar.y dorivativos 

of phenol iphenyl ar>aal3cylcarbcn£t«s^3®‘^^\ 

phenoxyacetic aeids^^^. and hydroxyphenyl clnnaacatea^^^^ 

A recent review of the photo-Pries rearrange»ent has been 
f42) 

published by Bellua' • 

Two aechanisas have been proposed for the photo-Prits 
rearrangenent. Anderson and Reese have suggeated a 
•aioleculer" pathway, involving a bridged Intermediate of type (I) 
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A tiBilar internedial;# is constdsred for the para - 
rearreLTgeaent. Kobsa^^^ and Finnegan and Mattice^^^ have 
proposed a "cage radical pair* Intemedlate (II). in which 
C-C hOBolysis is followed by the attack of the resulting 
acyl radical on the ortho or para position of the phenoxy 
radical with subsequent enolitation. 

1.5.2 pplvaer Photo^Rearrangenent 
It has been demonstrated that i&any photocheeical 
reactions shown by saall organic molecules can be induced in 
polymers when the same chronophores are bended to a pclyzsr 
backbone ^***^^. Ihe rearrangement of poly (*».*■• -diphenylol- 
propane Isephthalate) to £-hydroxybentophenome moieties can 

be taken as a typical representation of the pheto-Pries 

/ac) 

rearrangement in a polymeric system' 


CH.. ^ 


hv 


CH, 




OH 


CK, 


CsO 


0-5 


n* 


In the work of Coh«nt Young and Markhart^*^\ the photo-rries 
raarrangexent products In poly(aryl esters) and ?oly(exyl 
carbonates) are considered to be the internal m stabiliser 

( 47 ) 

of the hydroxybeniophenone type. Korshak et have 

also reported the synthesis of polyners cepeble of self- 
stabilisation. 

It is suggested that the rearranged polyner 
functions as a coating to prevent further deterioration of 
the polyner bulk. 

In the present work we have investigated the 
chemical changes which occur during the UV Irradiation of 
fluorene-based polyarylates . ?he derivatives of fluorene- 
based polyarylate substituted In the phenol ring firthc- 
positions by methyl groups have also bean synthesized and 
studied. The results have provided an insight into the 
structural requirement for producing photo-Fries resrrerre- 
ments In polyners . 
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2. EXPSRIXEriTAl 

2.1 Standard Procedure for the Preparation of 
Phthalides ____ 



(R . Br, Cl, OH) 





Phthalides prepared for the study include 
3, 3-his (4-hro«ophenyl)phthalide . 3, 3-^>is (4-chlcrophenyl)- 
phthalide, and phenolphthaleln. 

to a mixture of (0.25 a>ole) of phthalcyl chlorid* 
(Aldrich) and 76.5 g (1.50 sole) of bronobentene (Aldrich). 
16.7 g (O.I25 Dole) of anhydrous aluminum chloride (Fisher) 
is added in small portions. A few drops of thioryl chloride 
(Aldrich) are added as co-catalyst, "he mixture is charged 
into a 500 ml round bottom flask ccrmected with a reflux 
condenser and heated in an oil hath with stirring at 11C°C 
for 24 hours. The reaction mixture is then stezo distilled 
to remove the unreacted bremobemene. The residue' left in. 
the flask is extracted with hot dilute hydrochloric acid to 
remove alvainum salts. The residue Is then filtered and 
washed with dilute sodium chloride solution. The product is 
dissolved in hot acetone and decoloriaed over decolorising 
carbon. One crystallisation fron acetone gives 96.5 g (875) 
of fine li^t yellow cry'stals. Further purification gives 


white erystaU. «.p. 184.5-185®C. IR: I860 crtT^ (y -lactone). 
1080 c«”* tlC' on* component. 

Anal . Calcd . for CjoH^jOgBr^: C, 54.10; H, 2.71; Br, 36.02. 

round; *1 54. 2S; H, 2.68; Br, 36.15. 

3.3-Bls(4-chlorocha nvl>Phthellde 


TlelO : 90?; 


«.p. 

: 154.5-1S5®C. 

IR 

; 1760 Ca”^ (y* 

TLC 

: ona compoDkcnt 

Calcd. 

for CjqH2202^125 

Cg 67 

.33; H, 3.44; Cl 


Tthe sane product was obtained In 64?{ yield by 
Bllcke et Bradlow et reported the preparation 

of 3,3-bls(4-fIuorophenyl)phthallde In 92« yield by the 
eiBillar method. The para- lsoners are considered to be the 
(99) 


Asin products. 


2,2 Phthalldes Used as Addit ive in Polltgegs 

Blsphenol-A polycarbonate (Polysclences), Kylon 6,6 
(Monsanto), end poly(butylene terephthalate) (AMP) are selecte 
for the study. Polymer fllos containing phthalldes are cast 
froa trlflooroaeetlc acid and dried at 25*C under vaeuun. 

theiaal Gravimetric Analysis (TGA) oeasureaenta of 
the resulting filxs are made under nitrogen using a Du Pont 91 


thermal Gravimetric Analyzer and 950 Themal Analyzer. 

Oxygen indices are taken by using GeneralEleetric CR 2S0 
rM IIB Oxygen Index Flanmabiltty Gauge. Infrared speetrun of 
the gaseous products is taken on a Dlgllah FTS-20B Fou. ier 


Transforsa Sp«ctro7.ci:er* 


20 Standard Procedure for the Prepantion of 
Epon' Resir.s 
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HO-R-OH 


♦ C1CK--CH CP- » 


CHj ^CH 


r 1 

.CH2-O -l-R-O-rK^-OT-O- -8-O-CH2-CK 




CH, 


CH, 
I 3 





DGECBRA 




DCSP? 



DGET3F? 
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OH 



Approxiaately 29.5 6 (6.3Sxlo5§l«) of tetrabromo- 
phthalic anhydride (Aldrich) is added to ^*6.6 g (0.5 aole) 
of purified phenol (Aldrich) in a S^O d 1 round bottcn 
connected with a reflux condenser. To the airture 10 g 
(0.07 Bole) of tine chloride and 1 ml of thionyl chloride 
are added. The flesh containing 'the reaction mixture is then 
oBBersed In an oil -bath and heated to 150®C with Stirring- 
Hydrogen chloride gas is evolved during the first few hours 
of reaction. After 48 hours the reaction Bixture turns dark 
and viscous. The resulting isass is then cteas distilled to 
excess pher.ol. The solid residue is collected and 
dissolved in a large anount of 2H soditin hydroxide solution. 
The solution is filtered through Celite and precipitated 
into a large anount of dilute hydrochloric acid solution. 

Tliio precipitate is collected and washed with distilled water. 
The crude material is dissolved in acetone and decolorised 
over charcoal followed by reprecipitatio.n in distilled water. 
Repeated recrystallisations froB hot 95^ alcohol are 
performed by careful saturation of the clear solution with 
distilled water. Colorless powdere, m.p. 314*C (DSC) is 
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Obtained. The yield i* over 90 %. 

Anal . Calcd. for C| 37i90| H, lt59; 

Bp, so. 42. Found. C, 3T.785 H, 1.71; Br, SO.OO. 

The »ra spectnio shoes a synmetplcal AA'XX* pattern 
for the aronatie protons (see below), indicating that 
phenols are para- substituted. 



2.3.2 Epoxy Basin Preparation 

To a $0 Bl four-necked flssk equipped with a stirrer, 
a theieioaeter, a dropping funnel , and a reflux condenser is 
added 28 g <4.4xlO"*toole) of 4,5,6, 7-tetrabroao?henol- 
phthaleln and SI. 7 g (8.exi0**«ole) of distil lea epichlorohydr 
(Aldrich)*. The reaction mixture is heated with stirring to 
80-90®C. The 40jt NaOH solution (8.8xlo“^xole) is thST. added 
dropwlse over a period of 30 slnutes. Tlie reaction Mixture 
turns froB deep purple to orange color in 2 hours. After 
another one hour the reaction sixture Is cooled and filtered. 
The clear aqueous upper layer is siphoned off and the resin is 
slurried with 200 al of distilled water. The mixture la 
haated at 60-80°C. After settling, the aqueous layer is 
again siphoned off. This washing procedure is repeated seven 
tlaea until 100 ml of the wash water consumes leas than 
0.15 ad. of 0.1 M HCl upon titration (Indicator: Hathyl Red). 
The reein is vacuus distilled at 120**G« The resin soldifies 


> 
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upon cooling Tho oolid rosin Is then dried st lOd^C at 
reduced pressure overnight. 

2.4 Charecteriration of Spoxy Resins 

Dlrlvetdvl Ester of Bi8Phenol»A (DGS3A) 

This resin Is characterised by using ASTM D-1652-73 
nethod^^®^. The solid resin is heated to nelt and filtered 
through glass wool. To a scluticr. of 10 ml of 50 volun* 
percent of chlorobenzene In chloroform. 0.5 8 of the resin 
is added. The solution is stirred with a aagnetic stirrer, 
rear drops of 0.1 percent of crystal violet (4,4* ,4*-Bsthy- 
lidyne trla-(N,Jf-diBethyl-anillne)) solution in glacial 
acetic acid is used as the indicator. The solution is 
titrated with 0.1 N of hydrogen broaide In acetic acid 
(atandardlsed by 0.4 g cf petessivE hydrogen phthalate). The 
solution turns froa light green to red Indicsting the 
end«point. 

Height per epoxide equivalent > W} 

W * Height of seanple 

S • Milliliters of HBr used In titrating sample 
B - Milliliters of HBr used in titrating bla.^ 

M • Horaality of HBr. 

The weight per epoxide equivalent of DGSSA is 
found to be 192 g. 

p^iTiveldvl Ether of Phenolphthalein (DCEP?1 
Heli^t per epoxide equivalent t 24?. 

Diglycidvl Ether of Ictrabrenoblsohenol-.A (uS5T3SA) 
Height per epoxide equivalent* SCO. 
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Oi 4 Elycidyl E".htr of r«tr»broaophonolphthaJ«in 



Dottraination of opoay contont of DCEtBP? by ASTM 
Bothod has failed to provide a reliable result due to the 
aabi^uous end^polAt upon titration* Another prcctiure fcr 
deterainaticn of epoxide e<;ttivalent by the pyridiniua 
<dtloride aethod^*^^^ Is used. 

Exactly C.Jl? g of epoxy resin is dissolved in 
25 al of 0.2 K pyridiniua chloride-pyridine solution {16 al 
cone. HCl per liter of pyridine) in a round bottoa flask 
conneetad with a reflux condenser. The solution is heated 
to reflux with 8tlrrir« for 25 =ir.utes. .‘.fter rsfluzing. the 
solution is cooled with the condenser in place, fifty ol of 
■ethanol is added throu^ the reflux condenser end let drain. 
The solution is then titrated with 0.5 W standardited 
•ethsr.olle KaCH to a pink ■n’.d point of 15 drops of phsnol- 


phthalein. 

Veicht per epoxide eiuivsler.t 


(16) (saaple weighty .£) 

(g of oxurane oxygen ir. sanpie; 


CrsBs of oxirane oxygen in sasple * (A-B) (JC)(0.016) 

A = Milliliters of SaCS for blank 
B > Milliliters of KaCH for saaple 
M s Momallty of ReCH 

0.016 • MiUiequivalent weight of oxygen in grass. 

The weight of resir. per epoxide equivalent is found 


to be 537 g. 


Anal- Sal£l- for 

Br. k2.Bk; Molecular wei^t, 7^- 


C. »H.86j H, 2.U3? 
found: C» 41.63: 


H, 2.54; Br, 39.84; Av*ra*« molecular weight. 805. 

NWR ( a ): 5.85-7.22 ppm (aromatic protons) 

2.73-2.91 ppm ( -CHj ) 

3.23-3.35 ppm ( -CH- ) 

3.64-4.28 ppm ( -OCH^- ). 

The DSC traces of the uncured resins (Figures 3-5) 
are taken on a DuPont 910 Differential 5ca.nnlng Calorimeter 
and 1090 Thermal Analyzer. The absence of T^ In DCCTP and 
D6ETBPP suggests that both resins are highly amorphous. 

The appearance of an endothermic glass transition In DCETBPP 
is due to the "hysteresis effects" caused by slow cooling 
yseuum— oven dried at 70^C) and subsequent fast 
heating <10®C/aln tesiparature The glass trsnsitlon 

temperatures (T ) of DGEBA and CGETBSA are resolved ty 
quenching the samples at the molten state followed by 

10®C/oln teopereture runs. Crystallization of tha samples 
does not occur fast enough at this heating rate to give 
endo^eralc melting curves. The melting peak of DCC7BBA 
reappears after annealing the sample at 115 C for 12 hours. 

2.5 BroBinated Epoxy Resins Used as Commoners In the 
DGEBA System 

Equal amounts of DGEBA and DCETBPP (or DG2T3BA) are 
mixed at 120®C vltth a calculated aacur.t of phthallc anhydride 
(0,6 equivalent per equivalent of epoxy group), the resin is 
Initially maintained at 120°c for one hour and la then cured 
for 1-2 hours- at 170®-lStO®C, The curing reaction Is monitore< 
by taking the sample out of the batch at the various stages o! 
cure and examining the changes of absorbance In the IR epectri 
The cured resin Is characterized by TGA and 01. 
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2.6 gqoyf Reslna/Poly(butylen« tcr ephthalate) Systwg 

Saoole* are prepared by mixing poly(butylene fcere- 

ph^alate}- and the additive resins at the specified weight 
ratios and are melted with stirring in the alunlnuis dishes. 

Char yields and oxygen indices are taken. The reactions 
between DGETBPP and poly(butylene terephthalate) are 
followed by IR spectra are taken cn the thin fllne 

of the samples coated on the alusainua plates using a 
peflectance Attachment {Figure 6). 

2.7 Standard Procedure for the Preparation of the 

Ollgoaeric Phencl-ForwaldehYde Re sins 

The phenolic wenoowrs used in the syntheses include 
phenol, a- and o-eresols, g- and £-chlorophenols, and a- 
and £>brcaophenols. 

one ools of phenolic monomer, 66.2 g <0.83 mole) of 
■ 37.8U a^eous solution of forcal-ehyde, and 1.5 g of 

oxalic* acid are reacted by refluxing at 95-97®c with 
atirrizig. The precipitation of the resin is observed during 
the reaction. Excess water and the unreaeted phenolic 
■onooer are removed by vacuum distillation. The solid resin 
Is then dissolved in oenthanol and precipitated In a large 
• amount of acidified water (pH 3.4). Tt precipitate is 
collected, washed with water,- and dried under vacuus at 
room tet^erature. The resins are obtained in 80-9SJS yield. 

2.8 Charaeterixatlon of the Oligomeric Phenol* 

Formaldehyde Resins 

the melting points of the resins are determined by OSC 
the matber-average molecular weights are determined by 18® 






using a Varian KS/NTC M-220 preton NMR spectronatar. Th« 
number of repeating units is calculated from the ratio of the 
total aromatic protons and the hydroxyl protons to ths tctsl 
number of methylene protons. 

2.9 Standard Procedure for the Crossltnking of 
Phenol-Pomaldehyde Basin s 

2.9.1 Crosslinling Through Ester Linkages with 

Terenhthalovl Chloride 

To a resin kettle equipped with two dropping funrele 
and a mechanical stirrer is added 5*0 6 oligomeric resin 
(containing 2.7-4.8xio“^acle of p.hsnelic hydroxyls) in 
300 lal acetone (Aldrich, distilled). Excess (9-6 g. 4.7xlC"‘ 
nole) of terephthaloyl chloride (Aldrich, recrystallized fret 
hexane) in 100 cl acetone is slowly charged into the solutiot 
Simultaneously triethylaaine ( 9.6 g. 9 .SxlO“Scle) is added 
dropwise into the reaction mixture over a period of 15 
minutes. The reaction is kept at room temperature for 12 
hours. At the end of the reaction the crosslinked resin 
precipitates from the solution. The product is washed 
successively with acetone, distilled water, dilute ammonium 
hydroxide solution, distilled water, dilute oxalic acid 
solution, water, and acetone. Kxe final resin is then dried 
under reduced pressure. 

2.9.2 Croesi inking Through Methylene Linkages 
2 . 9. 2.1 Crosslinking wit h s-Trio.xane 

To a resin kettle is added a solution of 5-0 g of 
oligomeric resin, a large excess ( 36.0 g, 0.4 mole) of 
s-trioxane. and 3.0 g of £-toluenesulfonic acid in 200 ml of 
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bis(2-«tho*yethyl) «ther. Ttse solution Is bestoi at 95-100®C 
with stirring for 48 hours. The cursd rssir. ir wssh»4 with 
distilled water and methanol t and dried under reduced 
pressure. 

2. 9.2.2 CrcssUrJclr-E with -craldehyde 
To a resin kettle is added 5«® S cligtssric resin. 
200 e ot 37.8JC fomaldehi'de. and 3-0 S «- 2 -tclusnesulfonlc 
acid. The mixture is heated to 92-54®C and refluxed with 
stirring for 5 hours. The cured resin is then washed with 
distilled water and methanol. 

2.10 Characterization of Cured Phencl-Tersalcefcyde 

Resins 

Selected samples of ciared resins are analysed by 

PT-IR, Thermal properties are determined by T1& and OI- 

2.11 Preparation of Tlucrane-r&ged ?cl7s:- Iste-; 

2.11.1 Preparation of jisrher.cls 



2. 9.9'-Biscresol fluorene (SC?), R^. * *2 “ ^ 

3. 9.9*-Bis(3,5-dime-rnyl-4-hydroxypheni-l^flucrer.e (5rC?i 
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( 50) 

Bisphenols are prepared by feXlowirf Morgan's 
procedure. Excess phenol, cresol and 2,6-diaethj’lphencl are 
used in the condensation reaction with fluorenone. A small 
amount of mercaptoacetic acid is used as cc-catalyst. Dry 
hydrogen chloride is bubbled through the reaction nlxture 
for 20 minutes while the reaction is kept at 1«W®-15C°C. At 
the end of the reaction the viscose mass is washed with hot 
water several tines and dissolved in KaCH solution. The 
product is obtained by titrating with concentrate HCl. One 
recrystallisatlon from toluene gives white crystals. 

B£Ps m.p. 224®-225®C, yield 56^. 

Anal. Calcd . for Found i 

C. 85. 62 1 H. 5*21. 

NKR (6 )« 6.76 ppa (phenolic protons) 

7.10- 7.80 ppm (fluorer-yl protons) 

6.10 ppm (hydroxyl protons) 

BCF i m.p. 110®-111®C, yield 7C«. 

Anal . Calcd . for C27H2202* 2. 65- 7 « H. = 

C. 85-2» M. 5.43. 

SSWPF i m.p. 271-272®C. yield 355* 

Anal . Calcd - for ^ 27 ^ 16 ^ 2 * 

Foundi C. 85. 52t H. 6.26. 

NMR (6 )« 2.13 (nethyl protons) 

6.73 (phenolic pretons) 

7.10- 7.72 (fluoreryl protons). 


2.11.2 Preparati on cf Polya«rs 





KjO.cJcH^dKg^r 


1. pclyiaophthalate o? 9,9‘-tl*<*»-hy«iro*yFh«nyl)- 

fluorene ^BPF-l)! - B2 • H 

2. Polylsephthalat. of 9.9’-^>l«cresol fluorene 

(BCF-1)» Rj^ • CHji Rj ■ R 

j. Polyisophthalate of 9>9--bi8(3.5-dinethyl-^hy<iroxy- 

(BCJ???-!)* “ *2 * ^3‘ 

the polyarylates are synthesited hy tnterfaclal poly- 
condensation using the procedure siallar to that for the 
polyterephthalate of 

a typical run. 3-5 g (0.01 «ole) of BPF, 1.6 g (0.04 oele) 
of sodiua hydroxide and 2.1 g (0.01 oole) of tetraethyl- 
anaonlua bronide are dispersed in 120 al of water in a 
blender. To this nlxture Is added quiehly with vigorous 
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•tlrrin* 2.03 g (0.01 nol«) of isophthaloyl chloride in 3© al 
of 1,2-diehlorocthane. After stirring for 3 oinutos, the 
addition of 200 od. of n-hexan# is made. The separated 
polymer is collected, washed with water *nd dried. The 
product is redlssolved in methylene chloride and precipitated 
In 500 ml methanol to yield U.O g (95r) of pclymer, 

BPF-I 

Calcd . for ^^^820^4* 6.17i 

Pound; C, 83.79! K. 6.76. ^ 

>»ifth • chloride, 25 C) 

f I 265®C 
T* « 500®C 

Char yield, 8.rO®C • 59H 

01 t 37 * 


BCF-I 

Anal . Calcd . for 
C, 82.61 H. 4.76. 

I 0.25 {0.45 g/dl, methylene chloride, 25 ^> 

"Inh 

T^ I 287®C 
t“ t 520®C 
Chair yield, 800®C: 4C5 

01 I 36. 


BDMPg-rl 

Anal . Calcd . for 037^.25 0.. C. 62.64: H. 5.22: Found: 

C, 79-77 « H. 5.36. 

h . : 0.85 (0.45 g/dl, methylene chloride, 25®C) 

” inh 

tg t 315®C 
t 510*c 

Char yield, 800®C: 3^ 

01 « 35. 


2.12 Studies of ?hoto-Fri»s PaarrangeaT.t 

2.12.1 Irradiation Chamber 

The aquipaent for photo^Frles rearrancsnent ccncls 
of a power source (Hanovia 27801), an ultraviolet light 
source (Mercury-Xenon Conpact Arc lanp. Hanovia 508 BOO 90 ) 
with loco watts of power and a lea? houaijig systep 
(Sc.hoeffel Inatrunent Co., LH 152 N Lajap Housing). 

2.12.2 PY Spectroscopic Studies 

Polyser samples are dissolved in aethylene 

chloride (Aldrich, distilled) tc asala 6.0 X 1C‘^ K 
solutions. After the initial UV-Yisihl# spectra are taken 
the quar"» curvettes containing the sanple solutions are 
then placed in the irradiation chanter for irradiation. 
Spectra are taken after certain periods of irradiation tlce 

2.12.3 Sneetroscccic Studies 

She aluBintiB plates coated with polymer filse are 
subjected to OT irradiation. Ir.frarei spectra are taijen 
before and after irradiation, using Reflectance Attac.hnent . 
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3* »gsutTS nsctjssiow 

3.1 Plaa# RetardEn-cs CostaLnlr.g Loop Functionality 

3.1.1 Effects of Phthall«*s on Thermal 
Properties of Pclypera 

3.1.1. 1 Bispher.ol-l Polycarbo nate Sygtes 
Table 1 sunmariaes the valuesof char yield and 
oxygen ln<lex for all the poli'oer samples incorporated with 
different aaovsr.ts of additives. Biepher.ol-A polycarbonate 
containing phthalide additives show slight weight changes 
In tCA at 800®C as coopared to the polymer without the 
additives. The amount of weight cbsr.ge actually corresponds 
to the amount of additives inccrporatel into the pclynsrs 
indicating the additives are not active in the condensed 
phase. The TGA curves (Figures 7-9) show two areas of 
weight losses cotrespending to the evaporation of phthalldes 
and the deccoposition of the polymers • {discussed later) . A 
plot of oxygen index as a function of the percentage of three 
different phthalide additives In bis?henol-A polycarbonate is 
illustrated in Figure 10 . The substituted bisphenyl 
phthalldes are found to increase the 

oxygen index in a linear fashion with increasing weight ^ of 
the additives. In substituted phesylphthalldes the relative 
order of effectiveness is 8r > Cl > OF. based or. the slope 
of the plot. 

Althouidi a large body of research Into the mechanism 
of halogen fire retardants have been reported, considerable 
uncertainty remains concerning the relative importance of 



TEMreiRATUIIB^ % 

Figure 7 1 effect of 3,3«blo(4**BroMoplt«nyl)ipftitfuilldo Addltlvo upon Char Yield of 
Blaphanol«*A Polycarbonate ae Measured by TQA at lO^C/taln under 





sscn J£9I3M % 


Bisph«noX«A fDlycax1)on«t« 



% WSZGHT loss 



ri 9 iur« 9 1 eff«ot of ihonoXphthoIoin MAltivo upon Chor Ylold of »i*ph«nol>A 
FolyoftdMMWto •• Meaaurod by TOA «t 10*'b/%in under H 2 t P 
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hydrogen halide gas versus free radical reactions. The role 
of hydrogen halide as the primary inhibiting species in gas- 
phase reactions is supportad by the fact that the inhibiting 
(as measured hy the flame velocity) of bromine (Br^) 
and chlorine (Clj) in * carbon monoxide-oxygen flaae can be 
increased by the addition of hydrogen 

halogens are considered to be dissociated or converted to HX 
molecules. The dlatooic halogen molecule is hence not 
e;q)eeted to be the inhibitor, but rather the halogen atom or 
KX nolecules*^^^ Nevertheless. Fenisore end KartLn ( 53 ) 
have found that the injection of hydrogen chloride or 
chlorine into the oxygen-nitrogen mixture used in their 
oxygen index measurements has little or no effect upon oxygen 
index. The Inhibiting effect is fovnd only when chlorine 
Is substituted in the polymer. The halogen flaae inhibition 
ean net be considered to be only due to the blanketing and 
cooling actions of the gases evolved since certain halogen 
containing materials are much more effective than inert 
gases such as carbon dioxide and nitregen^^^. Therefore, 
the actions of haleger.ated fire retardants are mainly 
chemical in nature. The oechcnisas associated with polyrer 
combustion end its suppression has been reviewed by 
Warren^^^^. Rosser et ^^Vava proposed a mechanism for 
■the suppression of the gas-phase radical reactions. It 
consists of the replacement of the radical chain carriers 
by less reactive halogen atoms (X* ) t 



u. 

HR ♦ X > HX ♦ R* 

KX » I‘* Hg 

OH** HX > X*+ HgO 

where HR represents the fuel or ether hydregen centhihirg 
species. The substitution of X for K and OH results In a 
reduction of diffusion of such species and the possible 
•xotheraic propagation reaction « 

OH** CO » H** COg 

and chain branching reactions j 

H«* Og > OH.* 0* 

Kg ♦ 0 * — ^ 0H*+ H* ^ 

Creitz^^®^ has indicated, however, that the halogen 
acids night not be the prinary inhibiting species based on 
the experiaental results that the inhibitor (HX). when added 
to the fuel, is little more effective than the equivalent 
aawj’unt of nitrogen^ . It appears that the halogen acids 
can not survive under the oxidizing conditions in the 
reaction zone. It is oore likely that the inhibition takes 
place In the oxygen-rleh. reconblnation region which is out 
side of the reaction zone of a diffusion flaoe. Renoval of 
the active oxygen atoms accounts for the inhibition effect 
according to the follevrir.g oeebanisas. 

0** X* * R CX ♦ R 

0* ♦ Xg >X0' * X' 

0* + ox* > X* ♦ Og 

X0» ♦ *0H » HX ♦ Og ^ 


The relativ# •ffectiveness of the vorious halogens as 
H»e inhibitors has been found to be <lirectly proportional to 
tfceir atonic weightst i’S* • 

Perhaps the differences in efficiency aacng the halogens can 
be explained by the differences in bond er.ergy^^^^ (C-X bond 
energy in Kcal/nolet C-?» 107-0: C-Cl, 65. 5> C”Brt 5^-0; and 
C-I. 56-5)- 

Infrared spectra (Figure 11) of the pyrolysia gases 
frea the TGA experiaent on bisphencl-A polycarbcnete contain- 
ir-g chlorophthalide show a trace of KCl fonaation at the early 
stages of heating. Ihe wei^t loss in the range of 30O*-bOO®C 
(Figure 8) oay be due to the evaporation of the additives. 

The chenistry of additive phenolphthalsin ir. 
bisphenol-A polycarbonate involves reactions taking place at 
160*-180®C. This is clearly shown by the Differential 
Seana’tg Caloricetry (DSC) therpogras (Pie«re 12) of the 
aasnle. The weight loss starting froa 12C°C in TCA therac- 
(Figure 9) nay be due to the evaporation of water which 
is proposed to be one of the possible products of the follow- 
ing reactions I 

R^OH > Rj^* ♦ -CH 

.OH ♦ R2H ► HgO ♦ R^* 

(Rj^CK: phenolphthalein: polj'ssr) 

Consequently phenolphthalein changes the eechanisiss of 
pyr olytic degradation of the polytser and alters fuel 
production process resulting in flase retardation. 



ENDO 
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j.1.1.2 Foly(butyler.e terephthalate) and 
Nylor. 6.6 Syster.s 

Ih# brooophthalide additiv* in ?oly(butyler.e tere- 
phthslata) laads to sn ir.craass in c^.£^ yield sr.u sri 
increasa in OT^'geTi index as indicated in Table 1. The 
condensed phase activity car. be attributed to the loss of 
bronine and the cresslinking of the aroeatic T .ngs of the 
additive and the polycer by fres’radical ccuplit/ reictior.s: 


£r* ♦ 

■ ^ • 




Nylon 6^6 does net provide crcs?lir>ir* sites resulting in 
an unchanged c**isr yield. 

ZhB ch.ar foraing activity is reduced due to the 
evaporation of the additive in the 20C®-35^®C range as 
indicated in Figures 13 and 14. This result leads to an 
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Table 1. 

Dwraal Analytical Data of Polytiers Containing 


Polyaer 

Additive^*^ 

Si 

Char 
Yield % 

at 

800®C,N2 

■ 

Bisphencl-A 

Poly- 

carbonate 

Pone 

• ! 

20.7 

21.5 

3.3-bis(4-Eroio- 

phenyD- 

Dhthalide 

10 

17.7 

1III1I 

20 

17.0 _ 

20i0j 

30 : 

13.3 

HIpMEli 

3,3-bis(4-Chloro- 

phenyD- 

ohthalide 

10 1 



■ESI. 

20 

15.1^ 

27.0 

. 30 . _ □ 

ilrt 

30. Q- 

Phenol- 

phthal'ein 

10 

21.0 


— f5 




■ 29.0..-. 


PW 

None 


1.1 

HSSI 

3 , 3 -bis(^Erono- 

pbenyl)- 

ohthi^lide 

30 

2.6 

31.0 


None ‘ 

• 

BBRISB 

24.0 

niiiiii 

30 

■1 

32.0 


(a? 3,3-bl8(4-bromcph«nyD- 
pbtbalida 


3 , 3-bls < 4-Chlorcphenyl ) - 
phthalide 


Phenclphthalein 



















KEicar 
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•xpectation that less volatile naterlal sach as an oUgoneric 

additive should retain Its effectiveness at high tenperetyre. 

In the later sections it wUl be deaonstrated thet a high 

degree of char foraing ability wUl result with the 

incorporation of an epoxy resin additive. 

3.1.2 Effects of Phthalide Containing Epoxy Resins 
on the ?hera&l Procertiss of Fol ^f.e^s _ 

3. 1.2.1 Epoxy Cooo lvper P.esLns 
Sunnarles of the thenaal analytical data of the 
phthallc anhydride cared D5IB-®.* DGES-A/IX'SiSAf wd 
DCESAAGETB?? resins are shown in fable 2. The presence of 
DGETEBA in DGESA leads to an increase of char yield from 7.3? 
to 13.6JJ ar.d an increase of oxygen index frca 21 to 3I. The 
TCA thermograas in Figure 15 show no siffj ef the eYsporttion 
of the additives. The char fcmation aechanisa is sisilar 
to the one described previously. The increase of char 
fonnation has been obser-'ad Ln ether halersnated polyner 
systems such as styrene-vinyl bensyl chlcriie copolyoers^^®^ 
and chlorine-substituted aronatic polyenides^^^^. In these 
systeos the cleavage of the bond enchances the ci 

linking of the aronatic rings. 

T.ie replacenent of DGStBEA by DCET3P? in the 
copoljTser resin leads to another increase la char yield from 
X^.6% to 22}S and an increase in oxygen index fro* 31 t° 
suggesting that the loop functionality of 3GST2?? contribu.es 
to char formation and overall flaoe retardsncy of the resin. 
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Resin^*^ 

Broalne 

Char Yield. !{ 


Content, JS 

at 6C0°C. N 2 

01 

OGEBA 

0 

7-3 

21 

dgzba/dgeibea 

45 

13.6 

31 

dceba/dcetbpp 

50 

22.0 



(•) Cured with phthalic anhydride- 


HEXGar boss 


0 

10 

20 

30 

40 

so 
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100 


Fisur* 15 I 
Anhy&rid« 


« i * * I I * - — ■ ■ ^ 

200 300 400 300 000 700 800 

TEHFeRA1TmB« «C (CHROMBt/AtOIOlI.) 

TOlk of BpoKy Koain copolymara Carad with Mithallo 

(M OOeBA/OGBTBFP (50/50) (B) DOEBA/DOETBBA (SO/SO) » l*2» 10**C/WLn. 
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Th« curing reactions of DGEBAAGETSPP with phthalic 
anhydride are studied by infrared spectroscopy (Figure 16). 


The curing reaction Involves cpenLng of the anhyiride ring 
by an active hydrogen^^**^^ t 



Che initial reaction Is addition esterification i 

0 ^0 0 OK 

-C-OH ♦ -C-O-C-C- 

The bands near 1050. 1765. azi 715 ca"^. whid*- decrease ir. 
Intensity during the curing reaction, are related to the 
structure of phthalic anhydride. The increase in intensity 
of the band near 1070 cm‘^ results fron the f ©nation of an 
ether linkage, fhe crosslinked structure is fcrced at the 
ej^ense of oxirane rings of the epoxy resins. Accordingly, 
the oxirane ring breathir.g adsorptions at 1260 eoed 910 c*”^ 
decrease in intensity. The changes is istensity are clearly 
deaonstrated in the difference spectra obtained by subtract- 
ing tha 1510 co”^ band (seaicircle stretching of the bensene 
ring) to the base line (Figure 17). The spectra of the 
individual components are s.hcwr. in Figures lS-21- 

Sinilar changes in the Infrared spectra art observed 
during the curing reaction of DGEBA/tGETBBA with phthalic 


1070 
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re 16 1 mfrored Spectra of OCEBA/DGRTBPP Corcsa with fttthaUe Anhydride 
initial Mixture (») after curing at 100^ for 30 Min* (C) after Curing at 
C for 2 Hr# (D) after Additional Heating at IBO^ for 1 Hr# KHr Pellet; 






WAVENOKDERS 

infrared Spectrin of ixjETfiPP, Reflectenoe Attachment 





•nhydrid®. The decreases of bands at 1850, i7c5» 125o, and 
715 associated with phthalic anhydride are shown in 
Figure 22. The staple after curing at 120® C for one hour 
already 6^40ws the presence of an additional hand at 1C7C 
(ether linkage) which does not increase much after further 
heating, indicating that the curing reaction is near 
completion. The difference spectra are shown In Flpire 23- 

3*1.2 . 3 Epoxy Resin/Poly (butylene tere* 
phthalate) System 

The themal analytical data of poly(hutylene tere- 
phthalate) containing different epoxy re. In additives are 
shown In Table 3. By coiaparir^ the data one can find that 
CGEP? and CGETBBA have an equivalent influence on oxygen 
index. However, the loop functionality of DG£?P increases 
the char yield. The presence of bromine in DGET P? causes a 
slight decrease in char yield and an Increase of oxygen Index 
by one unit as compared to the DGEPP system. 

If one takes into account the char yields of the 
additives, the actual increased char formation will be 11. 5^* 
6 . 9 % and from DGEPP, DGETBBA, and DGET3??, reepectively. 

The values arc obtained from the differences between the 
experimental char yields and the calculated char yields in 
Table 3- 

3.1. 2.4 PT-IR studies of DGETBPP/Pcly- 
(butvler.e terenhthalate) System 

The spectral chrnges which occur upon heating the 
mixture of DGETB?? and poly(butylene terephthalate) at melting 
are shown in Figure 24. In order to compare the spectr^um of 


absorbak:s 


iwM idwS iiwKJ 

WAVCHUMOKnS 

rlouro 22 1 Xnfrarofl Upootra of oOliBA/nOK'mUA Cutoa with Vhihalio AnhydrWo 
(A) after Cueing at 120°C for 1 Hr. (U) aftojr Aflditlonal noatlng «t 170 C 
for 25 Min. (C) Cured Reain. KUr I'oHot. 25 C. 
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Tabla 'i. 

Thernal Analytical Data of Poly(butylena terephthalate) 
Containing Different Epoxy-Resin Additives 


Additives 

5 Weight 

Char Yield. 5 
at 800®C, r<2 

Oxj'gen 
Index. 5 

None 

- 

I 

24 

DGEPP 

30 

20. (8.5)^^^ 

27 

OGSTBBA 

30 

10. (3.1)^*^ 

27 

DGETBPP 

30 

18, (11)^*^ 

28 


(a) Calculated values based on 305 contribution 
froa the char yield of the additive (DGEPPt 
26 jJi DGEIBBA, 85s DGFTBPP, 3^- 
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the airture with that of the original sasple, a sua 
spectrua of DCET5?? end poly(butyiene terephthalate) 

(Figure 24) is constructed by a 0.5«1 addition of the 
Individual spectrua. A new band at II30 cn”^ associated with 
ether liriage (C-O-C) is observed. The newly foraed eater 
bond (O-CC) shows a bend at l?95 cn~^. >?he decrease 

of the band at 1250 cm*^ associated with oxirar.e ring breath- 
ing absorption is clearly observed. As a result of the 
stiffer Btructure, the carbonyl C*C s.hifta to 1735 ca"^. 
Opening of the ozirane ring in DGST3PP results in the 
formation of -OH groups so that the increase in intensity of 
the bands in the region of 3400-3600 cm“^ is obser.'ed. 

These spectral changes are clearly deaenstrated in the 
difference spectrun (Figure 25) , obtained by subtraetir.g the 
1770 cb"^ band (lactone ring stretching vibration) to the base 
line. The positive difference bands at 113C and 

1295 tsi ^ are observed* The dsexesss In intensity of the 
band at 1250-1260 cn“^ and a shift of carbonyl absorption are 
also clearly resolved. The char.ge in the degree of crystal- 
linity of poiy(butylene terephthaleta) caused by the nelt 
ptroeess is demonstrated by the appearance of a sharp positive 
difference band at 730 The subtraction criterion 

for the reduction of the 1770 cm*’^ band to the base line is 
to eliminate one ccqpcner.t (DG2T3PP) fres the aixture. The 
other component may leave a few difference bands in the 
spectrum. For this reason the difference spectrum shown In 
Figure 25 is contracted 5 tines to avoid confusion. 
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Fros the above analysis, the interaction of DCSt3PF 
with poly(butylene terephthalate) nay be assumed to proceed 
according to the following nechar.irss^^5), 

0 

82 -CH 2 -CH 2 >CK 2 -CH 2 - 0 -C-Ph-R 3 » 


* CH2-CH-Rj^ 

0 • 

»2-CH2-CH2-CH2-CH2-C^— -C-Ph-R. » 

0 

H 2 CH 2 CH CH2CH2-0-W^-CH-R3^ 

* 0-C-PhR, 

H 3 

0 

The final product is completely soluble in phenol at 
elevated temperature. Further heating of the ssjaple at 3®^ 5 
for 3 hours after nixing leads to Lnsoluble materials 
attributed to a crosslinked structure. The increase in char 
formation is indicative of the formation of the intermediate 
compound during the heating process that is capable of 
altering the node of deccopos Ition of poly (butylene tere- 
phthalate). 

3.1.3 Conclusion 

ICwnn molecules ccntaining loop functionality used 
as additives do not affect the char fortsation of bisphencl-A 
polycarbonate, the increased flaae retardancy appears to be 
mainly due to the presence of halogens. However, in 
poly (butylene terephthalate) the cleavage of the 
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C -3r bond of the flaae xretardant additive seeas to 

iJTOSl&’tXC 

enhance the croasliniing reactions between the arcaatic 
rings resulting In a higher char yield. 

the only apparent evidence for the chax-foraing 
activity due to loop functionality is four.d in the epoxy- 
resin systems. 

3.2 Phenol-Fogroaldehvde Resins 

3 . 2.1 Structural Studies of the Cligsrerje begins 
In the syntheses of phenol-foraaldehyde resins, 
numerous different types of reactions may occur. Among 
these are hywrexyaiethylatioiis of phenolic rir.es t 



Further reactions of the hydrcxyaethylated phenols, II. 
with formaldehyde g-^es henifomals and polyforaals. 


OK 


OH 


n + CHjO 




<CH,0),rac 


{III) 




(IV) 


KO(CK20)^H + CKgC 
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Diphenylfflethan«-type oathylene bridges (V) ir.d dibentyl 
«thar«typ» bridges (VI) are the products of condensation 


type reactions! 
I + II 


OH 


OH 



CH. 



+ H2O 



Ihe mechanists and the rates of these reactions 
mainly depend on pK. type of catalyst, and tesjerat’jre^^^^ 
As a general observation, resol resins contain appreciable 
methylol and ether groups, while novalak resins contain very 
little methylol and ether groups^ 

. Model compounds have been studied by Vocdbrey, 
et al. The results (Figure 26) show the different 
chetieal shifts in KOI spectra for different type of 
methylene bridges. The shift differences observed between 
methylene protons of £- and 2 -hydroxyaeth,yl groups are 
primarily due to the strong intramolecular hydrogen bonding 
between o-hydroxynethyl and the phenolic hydroxyl groups. 

The methylene bridges forced during tbe conder.eation 
of phenol and fomaldehyde can result in three different 
forms designated as para - para * (1), ortho -p ara* (II), 
ortho-ortho * (111) depending upon the positions of the 


riour* 26 1 *MR Ch«9ie»l Shift KttjLm tor Oi££*r«nt 
FancoioDol Ctoopi of Sfaal-rot a a I d t ^ ydo R«sixu ia Dilate 
Solations in Acetone- 

J« C* Woodbr€r B* P» siygi^hottaa tod B. H« Colierteon, 
J, SOlyser Sci. Pant A, 3, 1079(1965). 
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hydroxyl groups on the adjacent aronatic rings relative to 
the nethylene bridge. 



Hirst. has assigned the chesical shift for each 

of these three different configurations in diaers (Figure 27). 
The cheaical shift of 3-75. 3-S9, ar.d 3-9? ppa observed for 
the aethylene resonance in I. II, and III» respectively, are 
typical for larger Doieties. and they fora the basis for 
Interpreting the data obtained in our studies. 

Figures 2? to 32 contain the 22C ^;Kz UMH 
spectra of the phencl-forraldehyde oligcoers showing clearly 
hydroxyl, aromatic, and aethylene resonance peaks. The spectra 
of cresol-foroaldehyde oligerers (Figures 33 and 3^) show 
the methyl resonance peaks. The splitting pattern of the 
abeorptlon bands are not very veil defined, this is in part 
a result of the large nunber of isomers even with relatively 
low molecular weight resins. For example , there ars 13.203 
linear Isoneric structures for a pelyoer having only ten 
phenolic units tied together with methylene bridges through 
ortho or para -po 3 itior.s^^°^ . As a result, there is a lack 
of complete equivalence of all the protons in a polyaer chain. 

the absorptions due to the phenolic hydroxyl protons 
are usually in the region from about 8.00 to 9.25 ppm. The 



C« lUr#t, 0« M* Grants R# B* Hoff and lf« J. Burko, .§SA* 

FBrt A, 3. 2091U963)« 


•Sj 







Plguctt 31 1 MMR 8p*ctnan of g;-Chloroiifc«nol-FoK«>*ia*hya« RMln In d-ncotono, 



32 1 8p«ctruBi ot jj;-Chloapo|ii«iiol-Fom8lddhyd8 Has In In d«»Aoetona« 
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aroaatic protons obssrved in the region from 6.25 to 
7.50 pjuo. The ue.iylene protons (except for those of para- 
suhstituted phenolic resins) car. hs rtsclvsd irto due 

to £.£•-. o.£‘- anl o,©’ -methylene bridgee (Figures 28, 30. 
32, end 3^). The ortho - ortho * resonance is observed as a 
shoulder on the ortho - cara peak (Figure 28). In some of 
the n-substituted phenol foroaldehyde oligomers these peaks 
are resolved (Figures 32 and 3^)- Sinilar observations have 
been found by Hirst (Figure 35)- 

the substituent groups have altered the chemical 
shift of the methylene protons slightly. Differences in 
shift are related to the field effect arising frca the 
substituents^^^^ The methyl groups (*1) move the chemical 
shift of methylene protons to high«r field {3* 8? F?” 
pc?). Oa the other hand, halogens (-1) nove the cheotcal 
shift to lower field (3.93 ppo p3PF and 4.00 ppm for 
PCFF). The effects of halogens are in agreement with the 
order of electronegativity, that is. Cl >Br. For non- 
sttbstituted and meta -substituted phenol-formaldehyde 
oligomers the chemical shift of methylene protons of a 
particular linkage, for example, ortho - ortho * fiethylene 
bridge, also increase in the order of electronegativity of 
the substituents I -Cl (**«25 ppn) > -Br (4.12 ppm) > -H (3.87 
ppa) > -CHj O' 75 ppm)' 

The field effect arising from the electronic dipole 
moment of the substituents is dependent on the orientation 
of the dipoles and charges with respect to the C-H bond. 



R. C* Kir«t» D. K« oirant, R« B« Ooet and If. 
mt R, jU 2091(1965). 
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Th« substituents are at the nara- position with respect 

to the Bethylene protons, therefore, they have a greater 
influence on the chemical shift of the methylene protons 
than the pars-substituents. 

The possible side products such as, henifornals, 
polyfomals, and the dibensyl ether type of bridges will give 
rise to absorptions in the 4.70-5.20 ppm region^^®^ ihese 
absorptions are not found in the NXR spectra of all the 
samples being studied. 

Infrared spectra (Figures 36-39) reveal further 
details of the structure of phenol-formaldehyde resins. Many 
articles have appeared In the literature on the Identification 

(72-76) 

of phenolic resins by means of infrared spectroscopy 
Secrest^^^^ has summed up the available results in the field 
and supplemented these with his own findings. Those results 
provide useful informatlcr. cn the aaslgnsents of absorption 
bands ij this etudy. 

Both the phenolic and aliphatic hydroxyl groups absorb 
strongly In the region of 36OC-3ICO cm‘^. The weak absorption 
due to the aromatic CH appears at 3CIC ca“^ ar.d say be sasked 
by the hydroxyl absorption in the case of aCF? (Figure 39).Th« 
•liphatie hydrogens can be observed as a weak peak at 
2900 cm‘^. The I6OO cm"^ band Involves "quadrant stretching" 
of the benzene ring C bonds The intensity of the 

absorption is dependent on the nature and position of the 
substituents. The abeorption is stronger for Beta-substituted 
phenols because of the dipole ac2e.1t c.>!2.nge provided by the 
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unsyjsBetrical 8ub«titu«nts. Two bands in th« region of 
1550-lJiOO cm“^ are due to aeoicircie stretching of the bentene 
ring^^®^. Ihe band at 1*50 ca”^ is stronger in the aeta - 
substituted phenolic resins. The band between lWO-1300 co"^ 
is assigned to the OH defomation of phenol This band 
is absent in the spectra of X(C)?P in which the hydre.tyl 
groups are reacted with terephthaloyl chloride, while It 
reeains in the spectrum of the resin cured through methylene 
linkages {Figure 40). Substituted phenols give rise to an 
absorption band In the region of 1300-1180 cn ^ due to C-C 
stretching vibration of phenol. Depending on the positions of 
the substituent the intensity and the position of the 
abeorption of phenols vary. Detailed correlations are asde 
for alkyl phenols in solution The neta -substltuted 
phenol absorbs strongly at I3OO-I25O co“^. The band at 
1100 ca“^ arises fro® the ether groups^^^*®^^i 

OH OH 

^dehydes can develop by splitting of the dx3iethylene 


linkages^®^^ 




T*r*phthaloyl Chloride* KOr Pol let. 
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?hl8 Mchanisa offers the explanation for the 

existence of a reait hand near 1710 cm ^ In the speetrua of 

the cxa-ed r«sl« (Figure W). One strong absorption band 

that Is present in the spectra of all the phenolic reslr.s 

of nomal phenol and para -subatituted phenols is at about 

615 caT^ due to the in-phase out-of -phase C-H bending 

. { 73 , 7 ^, 76 , 83 ) 

▼ibratioRS of the substituted bentcii- ring 
the para -substituted phenols (Ii2i4i5 substituted bensene 
ring) aiso exhibit a strong absorption band at 860-875 ca . 
This assignment is in agreement with that of Richards and 
Thonpson^^^^ . Eender^®^^, and Lucchesi^^^^ . 

The Infrared spectra of phenolic resins cured with 
fonaaldehyde and terephthalcyl chloride are shown in 
Figure 40. 

In the formaldehyde cured resin the changes are 
observed as an increased absorption at 290C co“^ from the 
•ethylene CH stretching, 1700 cm“^ froa the aldehyde 



This result is in acreeoent with the crosslinked 


itrocture. 
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th« curing of phenolic resins with terephthaloyl 

chloride aay have occurred Inter- and Intra-nolecularly with 

( 29 ) 

hydroxyls to for® esters as su^ested by lei ar.d Kherai?' 



Intermolccular 

crodslinkiTe 


The resull:ing resin is expected to give absorptions at 1735* 
1260, 1190, and IO 65 due to the carbonyl groups, the 
ester C-0 sroupB$ 0-C-O, ard C-O^C* respectively^ The 


93 . 


C-H bending vibrations of para -substituted benzene ring of 
th« curing agent give rise to a sharp band at 1010 ca . 
where the 2 and 3 hydrogens move clockwise while the 5 end 6 
hydrogens move counterclockwise^®^^* Ihe sharp band at 
720 e»"^ is assigned to the aromatic ring of the phthalate^ 

j, 2 , 2 ^uaiber Average Wol«?cular Weight Dete rxination 
For unsubstitutad phenolic resin the structure Is 
•ssused to be the following slnpllfled form 




The various W3TO integrals are defined as follows s Aj, ■ 

nusber of hydroxyl protons ; * relative nuaber of 

aromatic rir^ protons: ■ relative niaiber of methylene 

protons I B » Che ratio, m, increases as the 

repaating urdt. n. Increases. 

The value of (Aj^ ♦ Ag) will increase froo 6 (when 
n = 0 ) to 6 ♦ bn, and the value of A^ will increase frco A 
(when n * 0) to U ♦ 2n. The value of m can be expressed in 
terma of nt 


therefore t tha value of n can be calculated fromi 


m(n ^ l)-2n-3 = 0 , 


and the nuaher-average oolecular weight, 5n, is obtained i 
Mn “ 106n 15^* 

For Bono-aubstituted phenolic resins the value of 
n is given by« 

•(2n ♦ 4^)-3n-5 • 0. 

The nusber-average eolecular weignt for each different 
resin can be calculated froa the following equations i 

•BPF.pBPF* Sn ■ 185n ♦ <33 

■CPF.pCPPJ Mn * * 188 

■CP . pCP« Sn - 120n ♦ 168. 

Table b shows the results obtained on the phenolic 
resins by using the above methods. 

It should be twted that the calculations of a. n, 
and Kn. assume the absence of cyclic structures and branc.*ied 

isoaers. The assuaption «ay becoae Invalid for soae higher 
■olecular weight resins. &lso, the errors accoi^anying 
deter»inatier.s of n and n increase greatly with inereasins 
bridging contents and the isolecular weight, 

3.2.3 Thenral Properties of Cured. Phenolic Sesins 
Sianaries of the thencal analytical data of the 
phenolic resins erosslirJeed by foroaldehyde and tsrs“ 
phthaloyl chloride are shown in Tables 5 and 6, respectively. 
The oxygen index is plotted as a fxoicticn of char yield as 
shown in Plgure 41. An asproxlmate correlation between oxygen 
index and char yield is found acong sanples contair.irg no 
halogens according to the followir.g relationship t 
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Table 4^ 

KuBVber Aver^age Wclecular Weights, Mn, of 
Oligomeric Phenolic P.esins 



fi 

n 

iSJ * 10^ 

PF 

2.07 

13.2 

1.53 

mBPF 

1.44 

6.33 

1.40 

pBPF 

1.4S 

8.00 

1.71 

■CPF 

1.43 

23.0 

3.42 

pCPF 

1.4S 

8.00 

1.31 

mCF 

1.42 

4.25 

0.67 

pCF 

1.43 

5.14 

0.78 
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Tati* 

Thermal Analytical Bata of Phenolic Resina 
CrosslinXed via yethvlena Linkages 


Sample 

tto. 

Crosslinked 

Reains 

Char Yield. % 

at eoo®c. Nj 

Oxygen 
Index. 5 

1 

X(T)?F 

57 

35 

2 

X(P)PP 

56 

35 

3 

X(T)aCP 

51 

33 

It 

X(I)*CPF 

32 

26 

S 

X(F)«CPF 

50 

75 

6 

X(T)aBPF 

38 

50 

7 

X(F)aBPP 

hi 

75 


Staple 

No« 

Crosslirkvti 

Rtsir.s 

6 

X(C)PP 

9 

X(C)jsCP 

10 

X(C)pC? 

11 

X(C)bC?F 

12 

X{C)nSP? 

13 

KOpC?? 

Ik 

I(C)p3F? 
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jJ 01 ■ 2.^ 0*5? (/* char yield at 800®C)- 


Dspanding on the experimental conditions such as the sample 

foras and the criteria for the oxygen Index ■easurements 

and the temperature defined for char yields, the intercept 

(5) 

and the slope of the curve vary. Van Xrevelan obtains the 
following equation! 

Jt 01 = 17.5 ♦ O.h (JC char yield at 850®C). 


In seneral. brooir.ated pher.ollc resins are found to 

have higher oxygen indices with lower char yields. The 

reason has been discussed earlier in terms of a gas-phase 

radical suppression mechanism end the loss of Br from the 

structure. The para -substituted phenolic resins cored vj^. 

•st;er linJcagas give higher char yields and oxygen indices 

than the Beta-substituted resiiis. The differences can be 

related to their reactivity towards erosslirfcing agents. In 

(67) 

any on« of the following proposed cechaTiissss for the 
condensation of phenols and acid chlorides In the presence 
of tertiary axcineSa the acidity of phenols plays an 
important rolei 


#- 

»■ 


5nr, + R'-C-Cl 

< J 

H 


_ I 

OH ♦ CIK.C-R' 
«3 




0-C-R’-*-RyC*KCl 


loo. 


Therefor* • the oara -subst ituted phenols which usually have 
saaller values than those of the geta-substltuted 
phenols Kay result in s higher iegTse of crcssliriing- Ths 
degree of crossllnkir^ has been foimd to have a direct 
influence on char fornation (Table 7)^ 

The results also show that s-trioxane-cured resins 
have lower char yields and oxygen indices than those cf the 
corresponding forxaldehyde cured resins^ The infrared 
apectrun of X(T)bCPF (Figure h2) shows a strong ether absorption 

• at 1100 cn“^ which Is observed as e weak peak in the 

_1 

spactrua of X(?)oCPF. The aethylol absorption at 1000 co 
is relatively stronger. The bamds at 1250-1200 cm and 
940-900 ca”^ (strong) are the characteristics of aronatic 

• ither such as Kethylene-l,2-dlojQrbent€nes 

The relatively low intensity of the OH stretching absorption 
indicates that hydroxyl groups are involved in the 
8-trioxane crosslinking reactions. FroG the above observa- 
tions the oechanisns for such reactions can be assumed to 
proceed the following way: 
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tabic 7. 

Char Yields as a Punctior. of Degree of CrosslirJtirg* 


of Phenel^formaldehyde Polymer 


Folyser 

Phenolic 

Hexa 

Sol. Fraction 

Char Yield. % 
at 800®C, Nj 

1-a 


1.00 

43.2 

i-b 

8.3 

0.76 

50.2 

l-c 

6.9 

0.51 

51.2 

1-d 

4.2 

0.41 

58.9 

l>e 

2.8 

0.21 

62.9 

1-f 

1.9 

0.09 

64.7 


^Curing by hexamethylenetstrsalne (hexa) at 
157®C under Ar. 

J.A. Parker and E.L. SflrJcler. NASA Tech. Rept. 
TR R-276 
Rov. 1967 
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Fi^uM 42t XR Spoctra of (A) XWmOPP, (0) X(r)«CPF, and (O XtDPr. KDr Fallat. 
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Th« fin&l cured resins contains aliphatic ethers, oethylols. 
■ethylene linkeges and cyclic acetale- 
3.2.4 Ccncluslon 

The stracrores of t.he oligomeric phenolic resins 
have been studied by and FT-IB spectroscopy. The 
oligomeric resins consist nainly of sathylsnt lirfcssts 
joining at t.he crtho and cara positions of the phenolic 
nuclei. KMR spectra also provide an approximate estination 
of the nuriber-averags oolecular weight. 

the earcsslinked resins are mede by using fcmalde- 
hyde, s-trloxane tad terephthaloyl chloride as the curing 
agents. The structures of the cured resins are studied by 
PT-IR spectroscopy. The fcrmaldehyls cured resiT;? ecnta.in 
a sswUl aaount of •ethylols and dlbentyl-type ethers. 
Based on the evidence from the infrared spectra the 
reactions between s-trloxene and the oligomeric resins are 
assuned to proceed via , cyclic acetal format ion alcng with 
the conventional eresslirJtir.g through methylene bridges. 
Methylols and bencyl-type ethers are predominant in the 
structures. 

Crosslinkir.g of the oligomeric resins can also be 
achieved through the reaction of terephthaloyl chloride . 

The curing reactions say have occurred inter- and intra- 
Boleeularly with the hydroxyls tc form ester ILnSages. 

the thermal analytical data demonstrate the 
improvement in oxygen index due to the presence of halogens 
in some of the resins. 
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3«3 Photo-Pries Rearrangeaent of Pluorene-Based 

Fclyarylates 

3.3.1 OV Spectroscopic Studies 

The OV spectra of the polymers in methylene chloride 

are recorded periodically d'orirf the Irredletlors (Flexes 43. 

44, arid 45). An increase in absorption In the region from 

325 to 375 na with a maxia^an at 355 b* I'or B??-l BCF-I 

arc related to the hydroxybenzopherone structure if one takes 

into coRsl derat ion the fact that Icw-cclecular suhstitutsi 

bentophenone derivatives absorb in the region froa JCO to 

400 na depending on the type and position of the substituent 

in the structure^^^^* The absorption maxlaa of polyoeric 

(U 5 92) 

bentophenone also differ narkedly from one ar.other 
By comparing Figures 43 and 45, the increase is found to be 
less in the case of BCP-I. In the spectra of 
(Figure 45) only slight changes in the region of 325“ ^ 
are observed. A note direct comparison of the changlr.g 
rates is shown in Figure 46. The curves result fro* plotting 
the absorption at 350 n.m for each caaole as a function of 
irradiation time. 

the polyaryletea examined in. this work, the 
atructural requirement to produce the phcto-cheolcal-Prles 
rearrangeoent under CV irradiation ie the presence of at 
least one unsubstituted position on the phenol rings o?^hS 
to the ester groups. Thus. BOKPP-I does not rearrange under 
the irradiation conditions. The substitution cn one-half of 
the ortho—cositlons of the plienol ring? with the nsthyl groups 
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Solution 




rSguxe 44: 
lafoxe and 


W Specta of BCF-1 in Msthyl»e ChlcriiSe Solution 
after Ixxadiation for Cifferent Period* of Tiae, 





t Solution 

Tin«« 
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{•.f . , BCF-I) apparently reduces the foraatlon of o-hydrcsy« 
hensophenone* 

30*2 PT-IR Soactrcsccric Studies 
Infrared spectra shewn in Figures 4?, 46 and 4.C Zor 
the sanples before and after 60 ain. irradiation prcrile 
further Inforiaticn on the structural changes resulting 
froa the rearrar.geoent. tfhe difference spectra axe generated 
by digitally subtracting two spectra on a 1*1 basis aesuair^ 
no change in thickness of the sarnies after irradiaticn. 

The absolute changes are obtained with ths scale expsn-ed 
5 tiaes. 

In Figure 4? the OH stretching wibration is ebserved 

ea a week band in the region near 3300 ea“^. Broadening and 

weakening of the band are due to the intrasolecular hyiregss 

bonding between the hydroxyl group and the carbonyl greup at 

the ortho position^^^^ The intersolecular hydregen bcniLrg 

causes a slight shift of the ester carbonyl absorptics 

,( 4 ?) 

towards a lower frequency at 17^5 ca • The pesitlre 

peak at 1630 ca"^ in the difference spectrua is attributed 

to the highly polarized hydroxybemophenone carbonyl 

group ^ ^ • The ester C-0 bond brsskii^g involved _n — e 

photo-Pries rearrangeoent is observed as a decrease in 

intensity of a band at 1290 ca*^. The most notable change 

in the difference spectrun is the increased absorption in 

the phenolic oh defomatlon and C-0 stretching regicss around 

(91) 

1220 c»~^ which also represents the 0-C-o vibration 



Figure 47 1 infrered speotre of (A) BFP-I» (b) bw-X efter 60 Kin, xrre<3ietion» 
* end (C) Difference Speatnro B-'A* Rafleetonce Atteehnent. 


m 


t 



aT“U i^-miriw. film; b film an min. iwiADwrtoN; &-h a 

Plgor* 48 1 XnCffW«d sp«ctcft ot (M QCF-X, (B) BCF-X attar so Uln, irradiation, 
and (C) Dltfaranca Spactxui B>A. nafleetancs Attachment. 


2H 



•cn 


m. 


It is prcpose4 that irradiation of BPF-I occurs with 
molecular rearrar.geBent to form a raw polymer coapound. in 
part, of linear o-hydroxyh«ntophenone noieties at the product! 



The spectral charges of BCF-I upon irradiation 
(Figure 48) are almost identical to that of 3PF-1 except for 
the less intense peak at I 63 O ce"^ indicatir^ the fernation 
of ^-hydrojqrbentopher.cne is inhihitsi fcy the substitution 
one of the ortho -positions in the phenol rin^with the methyl 
groups. This is in agreenent with the result from the OV 
spectroscopic observe* ions* 

A coaplste Inhibition of th€ Pries re arranges srt zty 
occur in Figure 49 indicates no forostion of 
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hy<iroxyt)«nzoph«none (1630 Frt* hydroxyl groups are 

Q^30j>ved as • strong hand at 33^0 c® • Ihe hydrojyl groups 
are sost likely to be the phenolic type which also gives 
rise to a sharp peak at 1220 cn ^ due to 0»CH stretching 
vibration. The slightly decreased band at 2920 co*^ 

Indicates a loss of aliphatic hydrogens presunably frco the 
methyl groups. A decreased abscrptior. peak at 17^5 and 
an increased absorption peak at 1710 ca ^ are observed. 
Buggesting the foraation of an aroaatic aldehyde at the 
BJ^ense of the ester group. The cleavage of the ester C-0 
bond Is also evident i Indicated by the negative difference 
band at 1290 cb"^. Based on the above analysis the following 
reaction sehene is proposed for the UV degradation* of 


BEMPP-1. 
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(IX) 


The Quinor.e structure (IX) nay account for the 
yellow color of the irradiated saxple. In the study of 
photo-degradation of a polycarhcnate^^^^ , £ sissilsr ^uinor.e 
structure (X) has teen proposed as part of the degradation 
products • 




(X) 
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3.3*3 Conclusion 

An Investigation oi the photo-Fries r«arra.’'.ge 22 nt 
in fluorsne fas ad polysrylates has been ttade. 2t is shown 
that the structural changes of the polymers having free 
ortho-positions or. t.he phenol rings are connected with the 
fomation of o-hydroxybentophenone structures in the 
polymer as a result of the photo-Fries rearrangement. OV 
spectroscopy provides a direct detection of o-hydroxybento- 
phenene. Digital subtraction of infrared data obtained by 
Fourier Transforo infrared spectroscopy has been applied in 
observing the chemical changes occurring in the photo-Fries 
rearrsngenent process. Substitution in the orthg-positlons 
of the phenol rings results In a different route fcr 
degradation. The degradation products include the aldehyde 
•oietieh. phenols, and the possible qulnone structures. 
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